Polarimeters are the basic instrument for polarization metrology. Determining the polarization of electromagnetic waves, and their interactions with materials, is important to many fields, including remote sensing of the earth and astronomical bodies, 1 cancer diagnosis, human eye imaging, 2 and material characterization of samples. 3 Polarimeters exist in several different designs: they may consist of a rotating waveplate followed by a polarizer, 2, 3 an array of polarization analyzers in the focal plane, 4 or a beam splitter followed by polarization analyzers.
Figure 1. Setup of a polarimeter based on (a) two parallel aligned liquid-crystal (PA-LC) panels and a linear polarizer (LP), and (b) a single twisted nematic liquid crystal (TN-LC) panel working out of normal incidence and an LP. The parameter˛i is the tilt of the TN-LC panel to illuminate the LC in oblique incidence, and Â is the orientation of the linear polarizer.
matrix that describes our system, by optimizing the LC retardances and the orientation of the optical elements. 5 We have studied polarimeters based on two different types of LCs: the parallel aligned LC (PA-LC) and the twisted nematic LC (TN-LC), which behave as a linear and an elliptical retarder, respectively. First, we analyzed a polarimeter based on two PALCs oriented at 0 and 45 ı , followed by a polarizer at 0 ı : see Figure 1(a) . This system 6 allows us to implement any polarization analyzer by choosing the appropriate pair of voltages to be addressed to the variable retarders. We have observed that for a
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given number n of polarization analyzers, the optimal configuration is that one that maximizes the volume enclosed by the polarization analyzers represented on the Poincaré sphere. 5 In the particular cases of nD4, 6, 8, 12 , and 20, the figure corresponding to the volume limited by the polarization analyzers is the regular polyhedron of the same number of vertices (i.e., the Platonic solid). In addition, we have shown that for all these optimized configurations, the CN is constant at the minimum of 1.73. We used the EWV to account for redundant data. We also found that minimizing the variance of a specific Stokes parameter can be helpful in applications where only the detection of a particular range of polarization states is needed.
It was important to design a dynamic polarimeter using a single LC panel: this simplifies the design and reduces light loss and costs. The TN-LC fulfills that requirement. Its helicoidal structure introduces a retardance, and rotates the polarization ellipse orientation of the incident light. The polarimeter based on a single TN-LC panel and a polarizer 7 is restricted to a certain set of polarization analyzers, so finding the best polarimeter architecture was essential. In particular, we have observed significant improvement by introducing oblique incidence-see Figure  1 (b)-by forcing light to perform a double pass through the LC device and by including a quarter waveplate in the system. 8 In conclusion, we have designed polarimeters based on LC panels. Through optimization of the setup, we achieved a CN of 1.73 for a dual PA-LC-based polarimeter and a CN of 1.98 for a single TN-LC-based polarimeter. Next, we plan to work with the ferroelectric LCs, which have a faster response time than other LC elements, and therefore the potential to speed up the measurement process. Juan Campos is a professor of optics. He has been the principal investigator on several research projects, studying characterization of LCs, diffractive optics, and optical metrology for mirrors used in a synchrotron facility. He is an SPIE Fellow.
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